Anthropogenically released CO 2 accumulates in the global carbon cycle and is anticipated to imbalance global carbon fluxes [1] . For example, increased atmospheric CO 2 induces a net air-to-sea flux where the oceans take up large amounts of atmospheric CO 2 (i.e., ocean acidification [2] [3] [4] [5] ). Research on ocean acidification is ongoing, and studies have demonstrated the consequences for ecosystems and organismal biology with major impacts on marine food webs, nutrient cycles, overall productivity, and biodiversity [6] [7] [8] [9] . Yet, surprisingly little is known about the impact of anthropogenically caused CO 2 on freshwater systems due to their more complex biogeochemistry. The current consensus, yet lacking data evidence, is that anthropogenic CO 2 does indeed affect freshwater carbon hydrogeochemistry, causing increased pCO 2 in freshwater bodies [10] [11] [12] [13] . We analyzed long-term data from four freshwater reservoirs and observed a continuous pCO 2 increase associated with a decrease in pH, indicating that not only the oceans but also inland waters are accumulating CO 2 . We tested the effect of pCO 2 -dependent freshwater acidification using the cosmopolite crustacean Daphnia. For general validity, control pCO 2 -levels were based on the present global pCO 2 average. Treatments were selected with very high pCO 2 levels, assuming a continuous non-linear increase of pCO 2 , reflecting worst-casescenario future pCO 2 levels. Such levels of elevated pCO 2 reduced the ability of Daphnia to sense its predators and form adequate inducible defenses. We furthermore determined that pCO 2 and not the resulting reduction in pH impairs predator perception. If pCO 2 alters chemical communication between freshwater species, this perturbs intra-and interspecific information transfer, which may affect all trophic levels.
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In Brief
Ocean acidification has been well documented, but the effects of rising CO 2 on freshwater ecosystems are less understood. Weiss et al. report pCO 2 -dependent freshwater acidification. Increased levels of pCO 2 affect sensory abilities of the microcrustacean Daphnia toward predator-specific chemical cues, limiting expression of inducible defenses.
SUMMARY
Anthropogenically released CO 2 accumulates in the global carbon cycle and is anticipated to imbalance global carbon fluxes [1] . For example, increased atmospheric CO 2 induces a net air-to-sea flux where the oceans take up large amounts of atmospheric CO 2 (i.e., ocean acidification [2] [3] [4] [5] ). Research on ocean acidification is ongoing, and studies have demonstrated the consequences for ecosystems and organismal biology with major impacts on marine food webs, nutrient cycles, overall productivity, and biodiversity [6] [7] [8] [9] . Yet, surprisingly little is known about the impact of anthropogenically caused CO 2 on freshwater systems due to their more complex biogeochemistry. The current consensus, yet lacking data evidence, is that anthropogenic CO 2 does indeed affect freshwater carbon hydrogeochemistry, causing increased pCO 2 in freshwater bodies [10] [11] [12] [13] . We analyzed long-term data from four freshwater reservoirs and observed a continuous pCO 2 increase associated with a decrease in pH, indicating that not only the oceans but also inland waters are accumulating CO 2 . We tested the effect of pCO 2 -dependent freshwater acidification using the cosmopolite crustacean Daphnia. For general validity, control pCO 2 -levels were based on the present global pCO 2 average. Treatments were selected with very high pCO 2 levels, assuming a continuous non-linear increase of pCO 2 , reflecting worst-casescenario future pCO 2 levels. Such levels of elevated pCO 2 reduced the ability of Daphnia to sense its predators and form adequate inducible defenses. We furthermore determined that pCO 2 and not the resulting reduction in pH impairs predator perception. If pCO 2 alters chemical communication between freshwater species, this perturbs intra-and interspecific information transfer, which may affect all trophic levels.
RESULTS AND DISCUSSION
Increasing pCO 2 
, Decreasing pH in Freshwater Impoundments
To study a potential increase in freshwater pCO 2 , access to long-term monitoring data is imperative. Here, we report an analysis of such data for four freshwater reservoirs located in Germany. From these data, we calculated the annual mean pCO 2 and pH value from monthly means over a period of 35 years from 1981 to 2015, using the hydrogeological survey software for water analysis PHREEQC [14] . We calculated pCO 2 based on temperature, water density, pH, ion species distribution, and total inorganic carbon content. The four freshwater reservoirs showed a mean increase in pCO 2 at a rate of 16.03 ± 5.689 matm year -1 (± SD), from 301.25 ± 155.9 matm (± SD) in 1981 to 923.25 ± 49.14 matm (± SD) in 2015 ( Figure 1A ; Table S1 ). On average, all lakes show an increase of pCO 2 by 561.21 matm ± 199.43 (SD) during the monitoring period. Concomitantly, pH decreased at a rate of 0.01 ± 0.004 year -1 (± SD), from 8.13 ± 0.174 (± SD) in 1981 to 7.82 ± 0.24 (± SD) in 2015 ( Figure 1B ; Table S1 ). Both pH and pCO 2 significantly correlate with time (Spearman rank correlation). Similarly, there is a significant correlation between rising pCO 2 and falling pH (Table S1) . A pCO 2 -dependent acidification of the four monitored freshwater reservoirs was observed. The continuous pCO 2 -dependent acidification was not caused by CO 2 -fixating phytoplankton, which decreased in the years 1981-1999 (measured as chlorophyll a) due to mitigation measures reducing environmental total phosphorus levels ( Figure 2 ; Tables S2 and S3) . From 1999, phytoplankton levels have been stable, yet pCO 2 continued to increase. Phillips et al. (2015) predicted that rising atmospheric CO 2 drives freshwater acidification with a prognosticated change of 0.3-0.5 units in pH for the Laurentian Great Lakes until 2100. Here, we report a change of pH $0.3 within 35 years, indicating that freshwaters may acidify at a faster rate than the oceans. This has been speculated previously as the degree to which freshwater pCO 2 levels will change depends on several factors. Apparently, increased terrestrial primary productivity and an increased soil respiration as a result of the dual effect of global warming and rising atmospheric CO 2 result in increased amounts of DOC and DIC (dissolved organic carbon and dissolved inorganic carbon, respectively) in run-off and groundwater that alter freshwater carbon-hydrogeochemistry [10, 15, 16] . These hydrogeochemical changes also affect CO 2 -residence time in the water body together with the gas-transfer velocity (that is, gas exchange rate between water and atmosphere) and the buffering capacity of the underlying geology [10, 15] . Besides terrestrial respiration, hydrogeochemistry is affected by landscape-scale factors such as the relative size of deciduous forests and grasslands, terrestrial productivity, land use, precipitation, water-shed area, and the buffering capacity of soils. Moreover, biological factors like the presence and abundance of primary producers as well as autotroph and heterotroph activities further complicate the understanding of hydrogeochemical dynamics. [10, 13, 17, 18] . Taking all these factors into account, predictions on the development of freshwater hydrogeochemistry requires complicated modeling of ion species distributions over time with respect to a huge range of environmental influences. Moreover, in freshwater environments, pCO 2 is not constant but fluctuates with seasonal and diel changes [19, 20] . As we here analyzed annual means of average monthly pCO 2 values taken during the day, we ignore diel fluctuations with pCO 2 peaks at night. We anticipate that these fluctuations are intensifying with respect to prolonged or more frequent peak periods as suggested by Ellis et al. (2017) [21] . It will be pivotal in the future to describe the dynamics and mechanisms regulating pCO 2 in freshwater environments. For this, we require depth-specific data on diel and seasonal dynamics with a high time resolution of carbon hydrogeochemistry to estimate changes in intensity and frequency of natural pCO 2 oscillations. Due to the many different factors influencing overall CO 2 freshwater chemistry, up to now we cannot estimate whether all global freshwater ecosystems are prone to climate-change-dependent acidification and if so, to what extent. For example, freshwater environments characterized by a buffering capacity (for example, from limestone), will presumably be less affected than the reservoirs investigated here, which have a general substrate mixture of sandstone, greywacke, claystone with only little limescale. Our observation is in accordance with previous suggestions that with rising atmospheric CO 2 , pCO 2 in prone freshwater ecosystems may result in a decline in pH [11, 17] .
Ecological Consequences of Freshwater Acidification
Rising atmospheric CO 2 concentrations bear a variety of hazards for the environment, and if this trend is not stopped, this may have consequences for freshwater communities. We prioritized also Table S1 ). Additional background information on the reservoirs is given in Table S7 . , respectively. Removal of total phosphorus (TP) can have a direct impact on the phytoplankton population density so that chlorophyll-a (Chl-a) is reduced. This is the case in the Sorpe and the Lister but not the Mö hne and the Henne. A decrease in phytoplankton population density could affect overall CO 2 level due to a decrease in CO 2 -fixation rates (see also Tables S2 and S3 for statistical analysis). (E-H) In all four reservoirs (E) Mö hne, (F) Sorpe, (G) Henne, and (H) Lister, pCO 2 levels increased even after Chl-a and TP have stabilized. Also see Tables S2  and S3. to understand how a keystone species like the freshwater crustacean Daphnia responds to changes in pCO 2 levels in a laboratory-controlled environment.
Many studies have demonstrated that elevated pCO 2 projected for the end of this century can impact organism physiology and have substantial effects on behaviors linked to sensory stimuli, both having negative implications for fitness and survival [21] . We investigated the sensory ability of Daphnia toward predator cues by measuring anti-predator morphological defenses. Inducible defenses are known to have a stabilizing effect on community structures, and their impairment would thus also have implications for the whole ecosystem [22] .
For general validity of our results, we selected high but ecologically relevant pCO 2 conditions considering naturally occurring pCO 2 variability in the control treatment. In fact, pCO 2 levels in inland waters vary geographically and range between 3.13 ($1,100 matm) and 163 ($6,400 matm) above ambient with a global mean of $1,000 matm observed in 1994 and already $1,300 matm reported in 2005 [23, 24] . This geographic variability is further complicated by a high degree of seasonal and diel pCO 2 variability [19, 20] . As our data suggest a continuous and non-linear increase of pCO 2 , this drove us to adjust ambient pCO 2 conditions to $2,000 matm that reflect not only current geographical but also seasonal and diel variability. Similarly, we selected pCO 2 treatment levels, predicting that diel-and seasonal-dependent peak periods will amplify so that pCO 2 levels are expected to exceed the average by far for several months each year [21] . Already today, maxima of 10,000 matm have been reported to occur even in temperate waters [25] . We therefore investigated the effect of $11,000 matm and $16,000 matm pCO 2 as worst-case scenarios [26] . Defensive traits were analyzed with a digital image analysis system connected to a dissecting microscope. In both species, morphological defenses were significantly reduced with increasing pCO 2 levels (Figures  3A and 3B; Tables S4-S6) , whereas body growth itself was not affected ( Figures 3C and 3D ). We exclude that pCO 2 -dependent stress responses explain our observation, as these would result in reduced body growth and affect molting. Yet, all animals molted regularly and did not show changes in body size. The findings suggest that pCO 2 modifies the perception of predator odors rather than the overall physiology of Daphnia. pCO 2 -dependent freshwater acidification has been found to impair physiology of larval development in pink salmon with CO 2 dose-dependent reductions in growth, yolk-to-tissue conversion, and maximal O 2 -uptake capacity. Moreover, changes of behavioral responses showing significant alterations in olfactory abilities with mal-adaptive anti-predator strategies and increased anxiety were observed [12, [27] [28] [29] . In this context, field experiments have shown that juvenile Atlantic salmon (Salamo salar) experiences greater predation rates [30] . Also, invertebrate taxa have recently been found to be susceptible to elevated pCO 2 , which affected valve movement in three North American freshwater mussels [31] .
The effect of aquatic acidification has centralized in the context of ocean acidification, where a substantial amount of studies investigated the effect of pCO 2 -dependent acidification on marine organisms. Indeed, ocean acidification affects visual, olfactory, and auditory perception in a range of taxa [32-34] and even disables learning capabilities [35] . Many fish learn to use chemical cues from injured conspecifics to detect predatory threats and pulex. Under control conditions in the absence of predator cues, only minute neckteeth are developed. Predator cues induce neckteeth significantly at control conditions. This expression is significantly reduced under elevated pCO 2 conditions (mean pCO 2 16 ,154.13 matm ± 2,344.1 with pH 6.7 and mean pCO 2 11,406.2 matm ± 1,484.8 with pH 6.9) compared with control conditions (2,203.6 matm ± 778.9; pH 7.5; Table S4 ). (B) Notonecta-induced crest development in D. longicephala. Under control conditions in the absence of predator cues, no crests are developed. Predator cues induce crests significantly at control conditions. This development is significantly reduced under elevated pCO 2 conditions (mean pCO 2 16 ,154.13 matm ± 2,344.1 with pH 6.7 and mean pCO 2 11,406.2 matm ± 1,484.8 with pH 6.9) compared with control conditions (2,203.6 matm ± 778.9; pH 7.5; also see Tables S5 and S6 Table S8. move away from the alarm cue-a process that recent investigations have shown is impaired by changes in the surrounding pH [21] . In marine and freshwater fish, it is believed that pH-dependent intra-and extracellular levels of HCO 3 -and Cl -ion gradients are shifted, affecting the function of the neurotransmitter GABA (gamma-aminobutyric acid), rendering inhibitory actions excitatory [36] [37] [38] . It is therefore anticipated that an overall reduction of inhibitory GABA actions is responsible for the behavioral changes seen under acidified conditions in marine species [36, 37] . Future experiments measuring ion currents using patch-clamp as well as spike rates using extracellular recordings have the potential to provide more insights. Yet, as osmoregulation of freshwater species is quite different from marine species, we wanted to distinguish whether the impairment of induced morphological defenses results directly from an increased level of pCO 2 or indirectly via acidification (that is, a decreased pH).
pCO 2 Not pH Impairs Predator Perception
To study the effects of elevated pCO 2 in comparison to changes in pH, we acidified the milieu with hydrochloric acid, which increases the proton concentration, resulting in reduced pH while increasing the Cl -ion concentration but maintaining the carbonspecific water chemistry. We found that in contrast to elevated pCO 2 , reduced pH did not affect expression of predator-induced defenses in D. pulex and D. longicephala ( Figure 4 ). This clearly shows that an increased level of pCO 2 and not the acidified environment (i.e., proton concentration) is the acting agent, hampering predator detection in Daphnia.
The precise mode of action of pCO 2 in this regard is still unknown, but generally hypercarpnia has a narcotic effect on fish and invertebrates [28, 39] . We hypothesize a yet-undetermined action of pCO 2 on neurotransmitter-receptor functioning, which may reduce overall awareness to external cues and could explain the reduction of perception abilities. Kairomone perception in Daphnia is mediated by chemoreceptors on the first antennae and subsequently by a fine-tuned interplay of cholinergic, GABAergic, and dopaminergic signals [40] [41] [42] . GABA is involved in the control of fish-induced life history shifts, presumably by affecting the molting cycle [40, 41] . How pCO 2 precisely changes these neuronal pathways remains to be determined.
In summary, we find that pCO 2 and not pH affects neuronal perception of kairomones in Daphnia.
At this stage, it is difficult to estimate the overall effect of elevated pCO 2 on freshwater communities. Clearly, more information in this direction is needed, but we urge the discrimination between pCO 2 and pH.
Conclusion
Ocean acidification is often called ''climate change's equally evil twin,'' and many current investigations describe significant effects of rising CO 2 levels on marine ecosystems. However, freshwater ecosystems have been largely overlooked. Up to now, it has neither been known whether freshwater ecosystems are vulnerable to increasing pCO 2 nor whether freshwater acidification is a consequence. pCO 2 levels in the Great Lakes were prognosticated to be increasing concomitantly with the atmosphere. Similarly, pCO 2 -dependent acidification rate was estimated to decrease with the same speed observed in the oceans by 03-0.5 pH units until 2100 [13] . The here-investigated reservoirs appear as sentinels of climate change, as they acidify with a higher speed of 0.01 pH units per year.
Our data indicate another pCO 2 problem, i.e., pCO 2 -dependent freshwater acidification. Analysis of 35-year monitoring data of four reservoirs clearly shows that there is indeed both an increase in pCO 2 and a decrease in pH, showing that freshwater ecosystems are prone to pCO 2 -dependent acidification. For general validity of our results, more studies are needed that investigate whether natural lakes from a wide geographical range suffer from pCO 2 -dependent acidification.
Moreover, we detected, that high levels of pCO 2 affect predator cue perception in two different Daphnia species. The effect of pCO 2 on other clones and species from various taxa remains to be investigated. Similarly, now we do not know whether pCO 2 is limited to olfactory responses or also affects other senses (for example, visual and auditory responses) in freshwater taxa. Nevertheless, olfaction is one of the evolutionarily oldest senses and widely used by organisms in freshwater habitats [43, 44] . An impairment of this sense in organisms that rely on chemical information transfer per se may have effects up to the ecosystem level. Future studies should consider predator and prey in this equation and identify whether pCO 2 has a synergistic or antagonistic effect on predator-prey dynamics.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS

Monitoring data
We analyzed monitoring data from four freshwater reservoirs located in western Germany. The reservoirs (Henne, Lister, Sorpe and Mö hne) are impoundments of approximately 40 m depth and used as a major drinking water supply system in the area. The age of the dams (61 to 104 years) means that bio-geological processes should have stabilized following their artificial impounding but see Table S7 for details describing the investigated impoundments. Chemical parameters have been reliably recorded since 1981. The Ruhr Association in Essen recorded long-term monitoring data monthly according to their means and standards. We acquired this physicochemical data as well as Chlorophyll a and total phosphorus of nearly all water depths over the past 40 years as physical records (1981 to 1998, which we digitized to xls format) and as digital records (1999 to 2015). The data originates from national lake surveys of the Ruhrverband that has an accredited laboratory for physicochemical water analyses. All parameters were measured according to DIN testing protocols listed in Table S8 .
Animal culture
All Daphnia (Daphnia pulex clone R9, originated from Canada and Daphnia longicephala clone LP1, originated from Lara Pond, Australia) were kept under a constant 16: 8 h day: night cycle at 20 C and fed with the algae Scenedesmus obliquus at a concentration of 1.5 mg carbon L -1 . Culture Daphnia were raised in 1 L glass beakers at control conditions.
Populations were restricted to 30 individuals per beaker to prevent the production of males and resting eggs. The animals' exuviae and algal remains were removed from the beaker and charcoal-filtered tap water was exchanged regularly. Daphnia were adapted to media with a pCO 2 2,203.6 (±778.9 s.d.) and a mean pH of 7.55 (±0.07 s.d.) over more than 10 generations.
Predator culture
Adult Notonecta and Chaoborus larvae were taken from the ponds of the Ruhr University Botanical Gardens and used for kairomone production. They were maintained in charcoal-filtered tap water under standardized conditions (20 C ± 1 C with a 12: 12 h day: night-cycle). Notonectids and Chaoborus larvae were exclusively cultured for kairomone production and regularly fed with daphniids ad libitum. REAGENT Preparation of kairomone enriched media Chaoborus conditioned medium was prepared by maintaining 50 fourth instar Chaoborus fed with 500 juvenile Daphnia in 1 L charcoal filtered tap water under standardized conditions (20 C ± 1 C; 12 h: 12 h light: dark-cycle). Ensuring that the larvae had consumed all daphniids after 24 h, the kairomone-enriched media was sieved using a 150 mm (Artemia sieve, Hobby; Germany) and a 0.45 mm (GF/C, Whatman filter) to remove larvae and remnants. The kairomone was stored at À20 C and thawed prior usage. This stock concentration of 50 Chaoborus per L was diluted (1:5) to 10 Chaoborus larvae per L using charcoal-filtered water for the experiments. The control medium was produced in the same manner but without the predator.
For the production of the Notonecta kairomone, one adult Notonecta and 10 adult D. longicephala were transferred into 200 mL charcoal-filtered tap water for incubation under standardized conditions (20 C ± 1 C; 12 h:12 h light: dark-cycle). After 24 h when the Notonecta had consumed all daphnids, Notonecta and remnants of dead Daphnia were removed by filtration as described above. The kairomone was stored at À20 C until further usage. This stock concentration of 5 Notonecta per L was diluted (1:5) to 1 Notonecta per L using charcoal-filtered water for the experiments. The control medium was produced in the same manner but without the predator.
Control media composition
Predators and daphniids were raised in charcoal-filtered media supplied by the Ruhr-University's water system, at control conditions. Prior and after the performed experiments we analyzed the chemical composition of the media, to ensure constant conditions (see Table S8 ). Values were constant throughout the experimental period.
METHOD DETAILS Bioassays
All treatments of the bioassays described below were replicated 10 time. Animals of the respective treatments were selected at random without blinding. All animals that grew into the respective instar were included in the analysis. . There was no significant difference between control and predator cue enriched media (see Figure 3E ). Total CO 2 concentration was determined at the start as well as at the end of each experimental ( Figure 3E ) trial by end-point titration (Titrino plus 848; Metrohm, Germany) determining base (K B8.2 according to DIN 38409 -H7-4-1) and acid capacity (K S4.3 DIN 38409 -H7-2). Together with temperature, water density, pH, total CO 2 (based on end-point titration results), and ion species distribution listed in Table S8 . pCO 2 was calculated using PHREEQC as explained above. pH and pCO 2 conditions were stable throughout the experimental period (see Figure 3E ).
Hydrochloric acid-dependent acidification of predator enriched and control media In order to determine, whether pH per se or an increase in environmental CO 2 is responsible for hampering the development of predator induced defenses, we acidified control and predator cue enriched media using hydrochloric acid. Therefore, we reduced the pH (which is the negative log of [H + ]), without interfering with the CO 2 -ion species distribution. We added 0.1 N HCl (J.T. Baker, Germany) to acidify media to a pH of 6.9 and 6.7 respectively.
Acidification bioassays
All bioassays were performed under constant conditions in an incubator at 20 C (±0.1 C) and a day: night-cycle of 12 h: 12 h. Animals were fed with the Algae Scenedesmus at a concentration of 1.5 mg C per L.
D. pulex bioassay
Ten age-synchronized D. pulex carrying embryos were taken for the bioassay. Early egg stage daphniids (2 nd egg stage, i.e., 36 h before release from the brood pouch) were placed in a randomized order into 250 mL glass jars that contained 200 mL solution. The bioassay consisted of 6 treatments: control conditions; with and without Chaoborus cues; pH 6.9 with and without Chaoborus cues; and pH 6.7 with and without Chaoborus cues. No blinding was performed at any stage of the study. This experimental set up was performed for acidification via increasing pCO 2 and via application of hydrochloric acid.
All glass jars were covered with a glass lid, sealed with parafilm and covered with aluminum foil to ensure that CO 2 does not diffuse out of the medium into the environment. Upon the release of the neonates from the mother's brood pouch, the animals were transferred into freshly prepared media of the respective treatments the mothers had received, to maintain constant conditions and subsequently monitored for successful molting into the second juvenile instar. Neckteeth expression was assessed visually according to an established scoring method [45] using a stereomicroscope (Olympus SZX16) with an Olympus Soft Imaging Solution Color View III camera and Cell^D digital imaging system (Soft imaging Solutions, Olympus; Germany). Body length was determined from the upper eye margin to the junction of the carapace and the spine. Data analysis was performed between the control and the kairomone treatment and the different pH-conditions for pCO 2 -dependent acidification and HCl-dependent acidification. To increase e2 Current Biology 28, 327-332.e1-e3, January 22, 2018 statistical power, this experimental set-up was repeated ten times with identical procedures. As we did not detect any trial-dependent significant differences between respective replicates, data for the replicated treatments were pooled.
D. longicephala bioassay D. longicephala experiment was set up in 250 mL glass jars in accordance to D. pulex experimental design described above. Media was exchanged every 48 h to ensure constant conditions. Daphniids were photographed in 5 th juvenile instar using a stereomicroscope as described for D. pulex. Here induced defenses are recognized by the development of a crest after the fourth juvenile instar. Crest development was measured from the dorsal margin of the eye to the farthest dorsal extension [42] . To control that pH itself does not reduce organism growth, we also measured body length determining the distance from the upper margin of the eye to the junction of carapace and tail spine. To enhance statistical power, this experimental set-up was repeated ten times with identical procedures. As we did not detect any trial-dependent significant differences between respective replicates, data for the replicated treatments were pooled.
QUANTIFICATION AND STATISTICAL ANALYSIS
Monitoring data statistical analysis We calculated the monthly mean pH and pCO 2 based on temperature, water density, total inorganic carbon and ion species distribution over a period of 35 years (1981 to 2015) . From this we calculated annual pH and pCO 2 using the hydrogeological survey software for water analysis PHREEQC [14] . This software can be used to calculate a wide range of equilibrium reactions between water and minerals, ion exchangers, surface complexes, solid solutions, and gases. Hydrogeochemical models like PHREEQC allow a specific analysis of CO 2 equilibria with respect to its compounds in freshwater. Therefore, we used water chemistry composition of aquatic complexes (i.e., C, CO 3 2-, HCO Table S1 .
Analysis of inducible defense expression
Statistical analysis was performed by testing the data for normality. D. pulex necktheeth expression data was not normally distributed and therefore analyzed using a conservative Kruskal-Wallis-test. Differences between the individual groups were analyzed by multiple comparisons of mean ranks. Full statistical results are listed in the figure legends and in Table S4 Crest width of D. longicephala data was normally distributed and therefore we applied an analysis of variance (ANOVA) and a Bonferroni post-hoc test (Statistica 10; StatSoft Inc.; Hamburg, Germany). Full statistical results are listed in the figure legends and Table S5,S6. 
